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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE EESTRICTED HEPORT

DE-ICING OF AN ATRORAFT-REGINE INDUCTION SYSTEM

By Henry A, Hesex

SUMMARY

A program of teats on engine induction system de-icing dy
meang of de-icing fluides and by heated air has been conducted in
a speclial laboratory at the National Bureau of Standards, The
induction system tested consisted of a similated alr scoop, &
Holley 1375~F carburetor, a carburetor adapter, and a Wright
B~1820, G~200 supercharger rear section, The de-icing fluid in-
Jection devices used included the standard Holley alcohol vent
ring (Holley part No, 2383), a modified Holley vent ring (Holley
pert No, 3089E. a set of four standard Army nozzles (part Nos.
AN4023 and 24), and a set of modified Army nozzles which were
slmilar to the standard noszzles except for larger exlt orifices.
The de-icing fluidse tested were Solox D-I, isopropyl alcohol,
anhydrous ethyl alcohol, S.D.30, and Shellecol, In most of the
teste refrigeration icing was produced by maintaining the car~
buretcr-ailr tempersture at 40° F while spreying free water into
the alr stream at s rate of 250 grems per mimmte,

It was found in the fluld de-lcing tests made with the
original Holley alcohol vent ring thet it was necessary to in-
ect de-~icing fluid intc the carburetor at a rate of at least

0 pounds per hour in order to esttain rapld recovery of elr flow
end fuel-alr ratio, This Holley ring, beceuse of its poor fluld
distrivution, was found to be en unsetiefactory de—-icing fluiad

.1njection device at lewer fluid-flow rates, However, at fluld-
flow rates of 60 pounds per hour and ebcve, rapid recovery wre
cbtained.

In somo of tho tests distribution of do-icing fluld over the
surfacos of tho carburotor wns poor, and ico formed again after
roocovery of initiel rir flow in spite of contimuod injoction of
the de-icing flulde This phenomeonon, reforrod to s ro-icing,
ocourrod in tho de-icing tosts medo with tho originrl Holloy ring
at fluld-flow rates below 50 pounds por hour. In m sories of
lce-prevention tosts using Solox D-I, a ninimun flrid flow rote
of 50 pounds por hour wms roquired to pruvoat ico from forming
in the oarburotor and adrpter,



The modified Holley ring, the crifices »f which are fewer
in manmber and smaller in diameter than those of the original
type, and also the Army alcohol noszzles, were fqound to have much
better distribution characteristics at low flow rates than the -
originel Holley ring and, as & result, apperently eliminated the
occurrence of re-licing,

The time necessary to reastore operable fuel-air ratio
(0.F65) from the extremely lean ratios accompanying refrigeration
icing was usually 1% to 2} tines that necessary to restore crule-
ing air flow when either of the Holley vent rings was used as a
Zluid injection device with Solex D-I,

When used with isopropyl slschol, the standard Army nozzles
were superior in de-icing effsotiveness to other fluid combine-
tions at de~icing fluld flow rates of 30 to 4O pounds per hour,
initial alr flow belng restored more ranidly Pnd operable fuel-
alr ratio belng restored in periods no longer than those attained
with the other fluld systems. At higher rates of injection the
Army nozzles were about emial to other systems,

Regults of several of the tests indicated theot, to make
tho most effective use of a de~leing fluld, i1t should be injected
into the induction system just upetresam of and as close as
possible to the ice formation to be removed, For removal of ice
from the adapter 1t was found that the de-icing fluid spray should
. cover evenly and completely all expoeed surfaces of the carburetor,
The results indicated that to comply with these requirements
supplementary fluid injaction systems should be provided for de~
lcing of other parts of an induction system where ice might be
expected to-rccumlate,

Manipulation of the throttle during the first few seconds
of fluld dp—~icing was found to hasten recovery to inltiel alr
flow rate but did not appear to have a noticeable effect on re-
covery of operable fuel=air ratio,

It wag found that the amount of fluid necessary to remove
ice from the induction system was a function of the rate of air
flow to be recovered and some inverse function of carburetor air
" temperature, The amount of fluid required was substantially
independent of the rate of fluld injectlion at flow rates rangleg
from 30 to 80 pouunds per hour for any given method of injection,
although re~icing occured At scme of the lower flow rates.



Results of several tests mede to investigete the removal
of impact ice formed at a carburetor-alr temperature of 25° ¥
indicated thrt saturated carburetor air at a temperature of: 85° F __
was slightly superior to Solox D-I fluid spreyed into the air
stream through the modified Holley vent ring at 80 pounds per
hour, The datn slso indicated that isopropyl e2lcochol injected
Just cheed of the carburetor through the stendard Army nozzles
at a flow rate of 42 pounds per hour was almost as effective a
de-icing rgent.es elther of the other two systems, When the
original Holley vent ring was ueed with Solox D-I, 1t was not
posslible to attaln adequete removal of impact 1ce at de~icing
fluid-flow rates of either 60 or 80 pounds per hour.

Isopropyl alcohol proved superior to Solox D-I in display-
ing less tendency toward re-iolng and greater effectiveness 1n
the prevention of ice formatione. It appeared from the results
of this program that desireble characterlstice of an effectlve
de-lcing fluid ghould include low vapor pressure, low latent heat
of vaporization, and & large fusion temper~ture depression.

All of the de-icing fluids except Solox D~I had a slight
corrosive effect on aluminum alloy, The 8.D,30 fluld, which con~
talned no inhibitor, also exhibited e corrosive effect on bress
and copper.

It was not posslible ¢{o draw quantitative conclugions from
the results of the heat de~icing tests because of unforeseen
difficulties experienced in controlling the temperature and
humidity of the intake alr, and because the laboratory apparatus
falled to slmlate adequately an alrcraft installation, The
data indicated, however, that a reascnable amount of heat added
to the carburetor air stream can be as effective in the restoration
of alr flow and operable fuel-eir ratio as any of the fluid de-
lcing combinstiones that were tested, Heated alr in the presence
of free water was effective as a de-icing agent when sufficlent
heat wes supplied to vaporize the water and ralase the temperature
of the)moist alr above limits of icing (80° I for this induction
system),

INTRODUCTION

The object of the teste described in this report wes to
-investigate the effectivensss of fluid and heat de~lcing equipment
currently used wlth engine induction systems and also to determine
optimum values for de-icing fluid flow rates and heat input to-




Yy

attain rapld recovery of englne power after an approciable per-
centags of power has been lost as a result of ice formation. 4
range of engine-operating conditions and varlous simlated weather
conditions were coverad in order that the results of this work
would find broad application,

These tests represent a portion of a research program on
induction-system icing coniucted at the National Burean of
Standards under NACA sponeorship. An investigation of the lclng
characteristics of tho englne inductlon system used in the present
yrogram hag been made. The resulte of this work are described
in reference 1, This research project 1ls being financed Jointly
by the Army, the Navy, and the National Advisory Committee for
Aeronautics., Support also has been received from the Civil
Aercneutics Administration,

. BQUIPMENT

The ongine inductlon system used for the tests described
in this report consisgted of a 90° vipe bend simulating an air
scoop, Holley 1375-F cerburetor, a carburetor adapter, and a
Wright R-1820, G-200 supercharger rear section, The tests were
conducted in an altitude laboratory at the Nationsl Bureau of
Standards. The various parts of thie laboratory induction system
test install-tion and alsc the methed of cperating this epperatus
to produce ice formations in the inductlon system are described
in detail in referonce 1, The fuel used in the tests was & white
unleaded gasoline of 73 cctane rating with distillation charecter—-
istlcs simllar to those of currently used aviation fuels, The
induction system test apparatus and detalls of the induction
system pertinent tc the present tests sre shcwn in figures 1 to 3.

For the present program this apperatus is unchanged except
for the provlisicn of Army alcohol-injection nozzles, de-icing
£luld pressure tank, and & slight rearrangement of the apparatus
necessery for introducing heated air into the inducticn system,

Seweral alcohcl-injection devices were tested in the program,
including & standard Hclley vent ring (part No.A2383), modified
Eclley ring (pert No. A3089), a set of four standerd Army nozzles
(AN4O23 end ARUO2YW), and a sot of four slightly modified Army
nozzles, The standerd Holley ring is an aluminum-alley casting
which has the seme inner dimensinns as the interior walls of the
carburetnor end is installed just above the throttle body,




De~loing fluld enters this hollow rectangular ring through one
passage and 1s injected intc the air stream through 16 orifices

of the' ring. The modified Holley venmt ring is similar in general
dimensions to the standard type, but has eight orifices 0.016 inch
in diemeter, which are drilled ‘.Lnto the ring so that the fluid is
ejected from them at an upward angle of 40°, four of the orifices
being located on each of two opposite sildes of the ring. The
aloohol spray is directed aoross tihe carburetor normal to the

axis of the throttles,

The set of four Army nozzles, whioh have orifices of 0,020~
inch diemeter, was installed in the walls of the alr-intake duct
2 inches above the carburetor, with two of the nozzles located
on each of two opposite sides. The modified Army nozzles, which
were used in several or the tests, are similar to the standard
nozzles except that they have 0.0225-inch~dlameter orifices. The
nozzle location 2 inches above the’ carburetor, which was used
throughout most of the tests on the Army nozzles, represents a
typical service installation, During one seriles of tests a set
of standard Army nozzles was mounted in the elbow of the air
scoop, as shown 1n figures 1 to 3, in order to determine the
relative efficiency of the nozzles for another service lnstal-
lation.

For forcing the de-lcing fluid Into the carburetor through
the Holley ring, a standard electrically driven de-icing fluid
pump was employed, rate of flow belng controlled by a rheostat
and a bypass valve, In the tests made with the Army nozzles,
it was necessary to force de-icing fluid into the induction
system under higher pressure than that required with the Hclley
ring., For this purpose a sealed tank contalning the de-icing
fluld wvas employed. The de-icing fluld was supplied under a
Pressure which could be varied between S and 100 pounds per square
inch by means of air pressure supplied through an adjustable pres-
sure rogulator valve. Rate of flow through the standard Army
nozzles was controlled by fluld pressurs.

The de-ioing fluids tested included Solox D-I, isopropyl
alcohol, anhydrous ethyl alochol, S.D.30, and Shellacol. Solox
D-I consists of a mixture of 90 percent ethyl and 10 percent
methyl alcohol to which 1s added a corrosion inhibitor and one
gallon of gasoline per 100 gallons of mixture., The isopropyl
aloohol used is a liquid of 98 percent conmercial purity. 8.D.30
1s a' mixture of 90 perovnt ethyl and 10 porcent methyl aloochol



6

which contalne no corrosion inhibitor or further denaturing
meterial., The physical properties of §,D.30 are similsr to
thoge of Solox D-I, The specific gravity of each of the above
fluids 1s 0.789 at a temperature of 20° 0, Shellacol conslets
of ethyl mleohol denatured with methyl alcohol, ethyl acetate,
methyl 1sobtutyl, ketone, and aviatlion gasoline, The specific
gvity of thies vproduct 1e 0,8C to 0.82 at a temperature of

Rate of flow of de-icingz fluld into the induction system
wag measured by a rotsmeter, DBecause cf the different flow
charescteristics of the flulds tested 1t was found necessary to
calibrate the rotameter for each fluid in order %o insure accurate
neasurerents,

For the heat de-icing tests, the inteke alr was heated by
passing it through six banks of steem colls, as shown in figure
1, Rate of flow of heanted elr was controlled by a thermo-
ptatically operated butterfly valve which bled heated air from
the alternate eir source into the maln sir duct to be mixed with
the cold alr, With thie oouipmnnt it was found possible to ralse
the temperature of the eir to 150° F at an air-flow rate of 5000
pounds per hour if no free water were present, The temperature
of the intake alr was measured by a pressure-buldb thermometer
installed in the inteke duct near the mouth of the alr scoop,
and to this thermometer was connected a thermostat which, in turn,
regulated the operation of the butterfly hot-alr valve. A special
window, shown in figure 1, was built into the alr-scoop elbow
in order to mermit observation of the formation of i1ce and its
removal,

A twelve-point recording potentiometer with a range of 0°
to 400° ¥ was employed to measure the temverature of the intake
alr, the alr temperature at the steam heating coils, and the
englne-compartment temperature during the heat de-icing tests.
Zight elements of this instrument were conmected to the carburetor
alr temperature thermocouple, and in this way the air temperature
wes measurrd every 4 seconds,

The carburetor used in this reserrch program was not

equipped with a means of ccmplete compensstion for changes in

the fuol-air mixture due tc changes in altitude or in alr temper-
aturoc, Tho latter factor was crngidered important in connection
with this progran 1n view of the hesat de-icing tests that are in-
cluded, Soveral tests were madc therefore to determine the change
in initial fuel-air ratlo resulting from increases in carburetor
air temperature, This calibraticn curve is shown in figure U,




TEST PROCEDURE

In most of the de-icing tests the carburetor-air tempere—
ture was set at 4O° ¥, and the ice which formed in the induction
system was the refrigeration or fuel-eveporation type. A
typical ice formation of this tgpe ies shown in figure 5, Sev-
eral teste were also made at 25 F carburetor-alr temperature
to investigate removal of impact ice by means of de~icing fluid
and by application of heat, A4n impact ice formation l1ls seen
in figure 6, The effect of ice forming in the eystem on the air-
flow rate and the mixture ratio under these two conditlons be-
fore the de-icing process was started ie shown in figure 7.

The Holley vent ring was chosen as the standard for comparing
the effectiveness of the various de-icing fluild injection de~
vices.

The methoed of forming refrigeration ice in the induction
system was in all cases simlilar to that employed during the
program of icing tests made on this induction system described
in reference 1, The initial rate of air flow in moet of the
tests was set at 4OOO pounds per hour, the mixture ratio at
0.070, snd the carburetor-air temperature of 40° ¥. After these
conditlons had been established in sech test, free water was
introduced lnto the alr stream at a rate of 250 grame per minute,
¥When sufficient ice had formed as a result of these conditions
to reduce the alr flow rate to 2000 pounds per hcur, which 1s
50 percent of the initial rate, the de-icing process, employlng
elther a de-icing fluld or heated cir, was started, In most
of these teets the fuel-air ratio fell below the minimum operable
velue, which was considered to be 0.065, The test was then con-
tinued until ell ice was obsorved to be removed from the induction
system, -until the air flow had stabilized, or until definite
evidence of re-lcing was disvlayed,

Re~icing can be described as the formation of ice in the
carburetor after initisl recovery of air flow, the lce forming
in splte of the ccantimued injection of de~icing fluid, Re-iclng
was ranifested by a drop in alr flow and by enrichment of the
mixture,

Visual observatione of all important variables, including
rate of air flow, fuel flow, end air temperature, were made at
intervals of 6 seconde during the first 2 minutes of the de-
icing poriod in oach test. The interval between measurements




wag then lengthencd to 12 seconds for the next minute and, after
thig criticel portion of the de-liciang process, the data were
recorded at longer intervals.

During most of the tests the water spray was continued
throughout the de~icing period., This procedure represents the
gltuation in which flight through 1lcing conditions is continued
while alcohol or heated alr is being applied to remove the ice
formation., Teasts were also made in which the water spray was
turned off at the beginning of the de-loing period 1n order to
similate the conditlions of de-lcing without further rain ingestion
into the induction system.

The free water ingastion rate of 250 grame per minute was
held constant during the test and is equivalent to & rain density
of 10 grams per cublc meter within the eir scoop at crulsing
sower at sea~level pressure and 4c° F cerburstor-air tempersture,
Bate of water ingestlon into an induction system in flight ie
primarily & function of airplene espeed, dimensions of the air
scoop, and outeide rain density. The latter may be only a frection
9f the raln density within the alr scoop, owlng to the ramming
effect, The total amount of water ingested also may be affected
by the application of carburetor hsat, since heat increases the
capacity of air to carry water as vapor, Detalls of the operat-
ing conditions and also of the results obtalned during each test
are conteined in table I,

DISCUSSION OF TESTS AND RESULTS

The results of the de~icing tests described in this report
&re presented in table I and in the sccompanying charte. As
shown 1n the teble, the test program was divided for conveniece
into various series of tests, A to N, according to the various
specified conditions, The alcohol de-icing tests are included
in veries A to L. The other two serles are the heat de~lcing
teate.

Although it 18 belleved that the results of this investiga—-
tlon will be of general value, 1t 1s necessary to point out that
the data contalncd in the report should be applied with scme
ceution, especially in connection with the operation of induction
systems other than the type tested in this progrem. Both icing
and de-icing are Influenced tc a certain extent by the design
and flow characteristics of different engine linduction systema,



Ice formations are also not always identical in nature for
similar icing conditions in the same inducticn system. This can
be seen by comparing the results glven in the report of teste
made atgubstentially identical conditions. Another factor to

be considered in applying the results of this invostigation is
that the icing which occurred in these tests was mich more severe
than would be normally expected in flight at the temperatures
investigated, An experiented pilot would be expected to become
aware of the ice formation and to take protectlive measures
before the englne power is reduced by 50 percent, the level
reached in the laboratory tests. Because of thia latter frctor,
the results contained in this report are believed to be some~
what ctneervatlve, ' )

No tests were made to investigete the effect of icing on
mixture distribution to the individual englne cylinders; how-
ever, experlence has shown that obstructions in the alr passege
causing flow diversions affect dlstribution.

In most of the fluid de~icing tests Solox D-I, injected
into the carburetor through the criginal-type Holley elcoheol
vent ring, was employed, This combination was therefore chosen
as a standerd for comparing the effectiveness of other fluld
injection devices and flulds,

Tluild De-Icing Tests

Recovery of emergenc wer - Holley ring,- It was the
object of the first group of tests (Serles A) to determine the
time required to attaln the air-flow rate corresponding to
vmergency englne power (7000 1b/hr) by the injection of de-
icing fluid at various rates of flow through a Holley vent ring
efter sufficlent ice had formed in the induction system to re-
duce the air flow to 2000 pounds per hour, The initial rate
of ailr flow was set at 4OOO pounds per hour, as in almost all
of the tests of the program, At the beginning of the de-lcing
period in each test of this series the throttle was opened wide,
The mixture setting was left unchanged when the throttle was
opened, although in flight the mixture ratio would have been
increased by 0.015.

The results of the teets of series A are shown in figures
8 and 9. It was found that 90 percent (6300 1b/hr) of the air-
flow rate necessary for emergency power could be restored in _
14 minutes with de-icing fluld epreyed into the cerburetor et a
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rete of 60 pounds per hour ard in 1 minute for a de-icing
fluld rate of 90 pounds per hour, The time required to re-
cover a fuel-alr ratio of 0,080 was abqut equivalent to
that for recovery of 90 percent alr-flow rate,

Recovery of crulsing power - Holley ring. -~ The tests
of series B were made to detesrmine the time necessary to
recover crulsing rate of air flow (4000 1b/hr), by the
injection of Solox D-I and isopropyl alcohol through the
Holley vent ring after 50 percent of the initial air-flow
rite had been lost because of the formation of ice. 1In
thie group of tests the usual procedure of continulng the
water spray during the de-icing as well as the lecing period
of the tests was followed. The throttle was held fixed at
the initial crulsing setting throughout the tests.

The results of these tests are shown in figures 10 to
12, It was found that with Solox D.I 90 percent of the
initial crulsing alr flow rate was restored in a period
of 33 socohds at a de~-lcing fluld flow rate of 60 pounds
per hour and in 15 seconds at a de-lcing fluid flow rato
of 80 pounds per hour, The time required to recover minl-
mum oporable fuel-alr ratio (0.065) was almost twice that
required for 90 percent recover;m of initial alr flow in
these tests. The rates of alr-flow recovery attalned with
the injection of lsopropyl alcoiol at rates of 4O pounds
per hour and above wero equlvalent to those attained with
Solox D-I at equal flow rates. Isopropyl alcchol was 1n-
ferlor to Solox D-I, howover, in recovery of operasble
fuel-alr ratio at all fluld~-flov rates.

It was found in the tests uf series B that- re-lcing
occurred during the injectlon of de.icing fluld at flow
rates up to 50 pounds per hour. In the case of Solox D-I
the re-icing was sufficlently severe to reduce the alr-
flow rate to 3300 Eounda per hour and to -enrich the mix-
ture ratio to 0,094 at a de-.icing fluid flow rate of 40
pounds per nour, This re-icing occurred after tho cruis-
ing air-flow rate, 4000 pounds per hour, had-been restorcd.
As showm in figure 10, only a vory slight amount of re
icing occurrod in the lsopropyl tests of this series at
fluild-~flowv rates above 20 pounds pcr hour,

The enrichment of the mixture during re-icing was
cauged by the formation of 1co on the throttles and in the
venturl throats This rosulted from the throttling action
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of the ice 1n the venturl vhich reduced the alr flow but
maintalned high air velocltles and therefore low pressures

_in the vicinity of the fuel nozzles, Sinoce the fuel-flow

rate was controlled by the difference between a metored
fuel pressure and the venturl suctlon, tho fuel-flow rate
was therefore maintained or increased by re-icing.

It was determined by visual obsorveations made through
tho window in the air-scoop elbow that.the re-iclng phonome
enon was caused to a large extent by the nomniform spray
of de-lcing fluld made by the Holley vont ring, Very
little de-icing fluld wne obaervod to flow through the
orificos loocated at tho corner of the Holloy ring ferthest
from tho do-icing fluid intekc linc to the vont ring,
eapecially at low rates of de-icing fluld flows. Bolow
this starvcd corner of tho Holloy ring ice formed in the
carburetor vonturis and in some casoe above tho throttlcss
Theso icc formations wore accoloretod by the reduction of
carburctor-alr tamporature ceusod by tho ovaporation of
de-icing fluid,

Tho superiority of isopropyl elcohol in nroventing tho-
occurrence of re-icing was attributed to tho differaonces
between tho physicel propertiocs of isopropyl and Solox D-I,
Isopropyl alcohol has n lowor vapor prossuro and, as a
rosult, a emaller porcentagc of tile fluld evaporatos during
the do-icing orocess then occurs with Solox D-I, 3ecauso
its latent hoat of vaporization is also less than that of
the othyl or mothyl alcohol, thc same amount of isopropyl
in ovaporating has & lossor refrigoreting effoct.

Do-Ioing without Weter Ingestion -~ Holley Ring

During tho next group of testa (scrios C), in contrast
to most of the tests of this progrom, the water eproy vas
turned off at tho stert of the de-icing veriod in order to
represont the situation of chenging ovor to an altornate air
intnke by moans of which wntor ingestion could be oliminated
during the de-icing., Otherwisc the test vonditions of thils
sories wero gimilar to thoso of tho. precoding sorles. Solox
D-I wes usod as the de-icing fluid.

In tho tests involving do-lcing fluld ﬂow rates above
4o pounda per hour, the differoace 1n time for redsovery of
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eir-flow rato and fuel-air ratlo betwcon the dry and tho wht
alr oonditions wvas nogligibles It wns nlso notod that thore
was no tendoncy toward re-icing in theso tosts. This would
bo expected sinceo the sause of tho loing wes substantially
oliminatod when the water was turned off. Tho rosults of
these tosts aro shown in figuros 13 and 1l.

Becauso with an alternate alr-inteko system a moderate
incronse in carburotor-eir tamporature can be oxpocted, two
tosts wore included in this sorles iln which the alr tempores
fure was sot at 50° ¥ and at Zo° T, rospectivoly, rather
then at the usual valuo of Y0° ¥, It was found, howsvor,
that tho amount of heet added to tho intake alr by those
tamporaturo rlsos wns insufficlont to cemse an approciable
roduction in the time requircd for rocovery of tho initiel
rate of alr flow,

Standard Army aslcohol nozzlos ~ crulsing power, - Sev-
eral de-lcing tosts (sorios D) woro mado with the standard
and the modifiod tyoes of Army alcohol nozzlos, using
Solox D-I, in icing conditions sizmiler to those of serlcs
B, In cach of these toests the elcolol-injection nozzles
wore installed in tholr usual location in tho walls of the
eir-intake duct 2 inches above tho carburetor,

Tho rosults of thosc tosts (figs. 15 and 16) showcd
that with both typos of nozzlos tho time roquired for 90
percont rocovery of initilal.cruising asir flow wns somewhat
longer than thet roquirod with tho Holley ring for equsl
rntes of do-icing fluid flow. The timo roquirod for res
¢ovory of oporeblc fuel-alr ratio variod from about 2%
times the porlod for 90-porcont air-flow rocovory at a
do-icing fluid injoction rato of 60 pounds per hour to about
threc timos tho air-flowreeovory poriod ~t a 30-pounds-
por-hour injoction ratse Vory little differonce could
bo dotoctod botwoen tao relatlve de-icing effectivoness of
the two typos of Army nozzles using Solox D-I. .o tondoncy
of ro-icing wne obsorved in any of tho tests of this group.
This wns attributod to tho o:collont do~icing fluld sprey
pattorns producod with tho Army nozzles., The spray com-
pletely coverod the carburctor surfacos at all rates of
fluld flow testad.

Trom figure 16 it can bo socn that at de-icing fluid
flow rates above 30 pounds per hour no appreciablc docroasc
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in time of alr-flow-rate recovery wvas produced. Increased
fluld-injection rates redquired higher fluid prossures which
produced £reater atomization and penetration of the sprays.
Those factors probably improved fluid distribution, but
this wos moro than offset by the accoleratod fluld evepora~
tion nlso resulting from inecroeasod atomlzation and penotra-
tions Wien a loss volatile fluld euch as isopropyl alcohol
wag used, this offect was not mpjeront.

Flow of de-loing fluid through the standard Army noz-
zlos 18 controlled by fluld prcossures It was noted 1in
genoral in the tests of this progrem made on the standard
Army nozzlos that at tho do~iclng fluld pressures genorally
usod in alrplane installations, 10 to 20 pounds per squaro
inch, that the rates of recovery of alr flow attalnod woro
vory little differont, " Teats with the modified Army noz—
zles, which are similer to tho standerd type oxcept for
s8lightly larger orifices, were ilncluded in this program in
order to investigate tho highor ratos of alcohol flow for
a comparison wlth tho two typos of Holley vent rings. It
ghould be noted that elcohol prossures sbove 20 pounds por
square inch are not usually avellabloc in alrcraft fluld
do-1cing 1nstallations,

In tho tests of serics B tho do-lcing effectivenoss
of the standard- and the modifilod~-type Army noszlcs with
isopropyl aicohol in rostoring crulsing power was investi-
gantod. Tho rosul¥s aro shown in figuros 17 to 20.

It was found that the modifloed Army nozzlos with 1so-
propyl alcolol were about oqual in rocovery of crulsing
alr-flow rnto to the Hollaey alcolhol vent ring with Solox
D-I but were considerably inferlor in fuel-ailr-retio ro-
covery. The data indicnted that the standard Army nozzles
were oqually as offoctive & de~icingz agont as tho Holloy
vent ring with Solox D-I in recovory of both crulsing alr
flow and oporable fuel-alr ratlo at de~icing fluid injoc-
tion rates of 40 pounds por hour or more. At flow rates
lower than thig, or in tho rango in which the Army nozzles
are usually operated, they wcre somowiat superior to other
fluid systoms tested in air-flow rocovery, 90 p.rcont of
crulslng alr flow rate being restorod in 36 soconds at a
do-lcing fluld flow rate of 30 pounde per hour,
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Beveral tests werc made to determine the effective-
neas of the standard Army alcohol nozzles when installed
in the elbow of the alr scoop, as shown 1n figures 1 to 3.
It was found that ice was romoved from the induction sys-
tem at a much slover rate then vhen the Army nozzles were
installed at thelr ususl location, as shown in the con-
trast in the slopes of the alr-flow ourves in figures 16
and 19. This difference in effectiveness is somevhat more
ovident 1n figure .

It was observed that the poor performance of the Army
nozzles vhen installad 1n the alr-gtoop elbow was the ro-
sult of nonuniform distribution of the de-lcing fluid at
the carburetor. A part of the de-ieling fluld was carried
by 1ts own inertia to the rear side of the alr-scoop elbow
while another portion flowed along the bottom of the alr
scoope Thus only a small percentage of the de-icing fluid
passed through the conter of the carburetor, and that porw
tion flowlng mlong the scoop wallp was considerably diluteds
During one test mode with the standard Army nozzles at the
alternate location in tho air-scoop clbow, tho water spray
was turned off at the start of the do-lcing perlod.

Stopping ingestion of watcr in tho air stream had 1it-
tle immediate offect on the alr-flow recovery since the
water remaining on the wells of the scoop and tho duct cone
tinued to be swept through the ocarburetor, When most of
this residual water had beon ingested, the de~icing fluid
became moro effectives This wns evidenced by the sudden
rige in air flow in run 37A aftor a period of 24 minutes,

Modifled Holley ring — crulsing poewer. - Because of
the poor do-icing fluld spray distiributions at low fluid-
flow rates obtalnod with the standard Holley ring, result-
ing in re-icing, the modifled Holley alcohol vent ring was
procured and tostede Theso tusts, serles ¥, wore made
under the usual conditlons of serles B, with Solox D.I used
as the de-=icéing fluld.

The results, shown 1n figures 21 and 22, indicated
very little difforence in de-lcing offectiveness, as meas-
ured by rateo of rccovery of ocrulsing alr flow and operable
fuel-air ratio, between tho two types of Holley vent rings.
With the modified Holley ring, howover, a much more uni-
form spray of de~icing fluld was obtained, coverlng the
various surfacos of the carburetor with fluld at all rates
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of flowse As a result of thls good sprey pattern, re-lcing
was epparontly eliminated.

Bffect of throtble opening on de-icing. - The object
of the next group of teste (seriea @) was to 1nvestigate
the effectiveness of fluld de-ioing at various throttle
opcnings which produced ice~freec alr flow rates from HOO*
to 7000 pounds por hour, reprosenting a range from idling
up to anergency engino power, The standard Holley aloohol
vent ring with Solox QI was employed. In each test tho
mixturo ratio wes set at a wvalue which would produce sat-
1isfactory ongine oporation at tho oorresponding alr-flow
rates The de—~icing fluld wes injected into thoe elr stream
et two rates of flow, 4O mnd 60 prundse per hour, for cach
of the four throttle openings,

b}

The results of this group of tests, (fig. 23) showed
that with de~lcing fluild injocted into theo carburetor at
60 pounds per hour the time required to attain 90-percent
recovery of the initial rate of alr flow was equel (about
18 sec) at alr-flow rates of 500, 2000, and 4000 pounds
per hour, The recovery time wans somowhat longer at each
rato of alr flow for the tests in which de~icing fluld wns
injected at 4O pounds per hours, In the two full-throttlo
tests, however, the time requircd to restoro 90 porcent of
tho inltial alr flow ratoc wns oconsiderably longor -~ 1.3
and l.1 mirutes for do-lcing fluid flow rates of 40 and
60 pounds por hour, rospoctively, Ihis difference result-
ed from the fact that more ice must be removed from the
adaptor at full throttle to provide the passago aroca neces-
sary for the higher flow rates. In the two teste started

*In the tests performed at 500 and 2000 1b/hr initial alr
flow retes, the carburetor manufacturer!s propeller-load
curve was used for an alr-flow calibration., This was done
by setting the throttle angle and carburetor pressure drop
to glve the desired alr flow value as determinod from the
curve, As the loing proceeded, the carburetor prossure
drops were recorded and referrod to the curve to find the
corresponding alr flows, The fact that the increase in
throttle drop was due to ice formation rather than to
throttle closing was & source of error; however, 1t was
assumed that the readings mede in this menner wero within
the accurncy of the test dnta.
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at 500-pound s-per—hour ailr-flow rato, engine-idling conditions,
the mixture wese vory rich at the stort of the de-leing but
became less rich as the do-icing proceeded. Tho mixture ratio
remained richer then the initial ‘value evon aftor it could be
goen that most of the ice had been romoved, This condition
woas the result of ice forming in the vemturls, affecting the
flovw of :f'u.el.

Effect of throttle manipulati ~ Sevoral exploratory
teste were included in tho program Eaarios H) to investignte

the cffect of various throttle maninulations on the do-lcing
effectivenoss of Solox D-I sprayed into the carburetor through
the standard Holley vent ring. Thero tests were made under

the icing oconditions of serles By The rate of de-lcing fluid flow
was set at 60 pounds per hour for each test.

The rosult of one of those tests (run 50, fig. 2U)
showod that the techmique of repeatedly closing and oponing
the throttle to crulsing sotting at a rate of about 1 cyele
per second for the flrst 10 soconds after the start of the
de-lclng poriod produced 90-porcont recovory of tho oruising
elr flow rate in a period of 6 seconds, a morc rapid ro-
covery rato than achleved in any othor fluld de-ioing test
in this programe The dnota also indlcatod that the air flow
can be restored more quickly by oponing the throttle wido
at the start of tho fluid de~-lcing perlod then by openling
it in sevegal eteps. The rapid recovery of initlel =ir-flow
rate achlevod by manipulation of the thirottle appearced to bo
due to the loosening of the ice by the preossure surges of tho
alre It was observed that ice dld not form diroctly on tle
throttle during any of these tests, Rocovery of operabla
fuel-alr ratlo did not sppcar to be improved by throttlc manip
wlation,.

Tho beneficial effoct of tarottle manipulation can also
bo seen 1n tho results of the tests of serles A (figs. & and
9) in which tho throttlec was openod wide at the start of the
de-lcing period of each tosts In analyzing these data it was
found desirable to plot curves in figure 9 to show recovary
of alr flow and fuel-alr ratio for crulsing and also for full
power, Theso dnta indicated that recovery of both crulsing
air flow mnd opercrble fuel-air retio was accomplished more
rapldly by openling the throttle then by loaving it fixed as
in seorles B,

L
[ 1] L JJ|] [N T]
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It must be pointed out that the data obtalned thus far
on the offoct of throttle manipuletion were lnsufflcient for
a therough-analysis, - -A ‘moie -complete investigation of tho
effeot of throttle manipulation on alecohol de-icing effective-
ness gppoears doslrable.

Oomparison of de-icing flulds. ~ Several teste wero

mrnde to detormine the relative effectiveness of various de-

iocing flulds whon injected into tho éarburetor by the stand-
ard Army nozzles (series I). Tho tosts wore made under: the

usual ieing conditions of serios Be De-icing flulds tested

included ethyl alochol, Shellacol, and 8,D.30.

Becanso & total of only five tests were conductod in
this serics, including a single test with Shollacol and two
with each of the othor flulds, it wns not possible to make
dofinito conclusions from tho rosultss Theo data indiontod
tontatively that alr-flow-rocovery rates obtainod with
ethyl alcchol and with S5,D.30 wero roughly in the same range
as thoso obtained with Solox D.I ~nd i1sopropyl alcohol in—
Jectod through thc Army nozzlose BRecovery of oporable fuol-
alr ratio with those flulds was slower, however, On tho
basis of one tost, Shellacol appearcd slightly suporior in
de~lcing effoctiveoness to tho other flulds.

Do-icing with weporized aleohols - Two tests (scries J)
were made to lnvestigate the effectiveness of wvaporiszod lso-
propyl alcohol as a de-icing sgente Ono of those tests was
made undor the usual lcing condltions of series B, while in
the second test tho wator eprey wes turned off at the start
of the de-lcing pgriod. The alcohol was heated to a tompeora-
ture of about 110~ F and then sprayed into tho alr-intako
duct at a polnt a short distance downstream from the hot air

supply ducte.

Tho results of these two tosts (fig. 26) showed that

veporized 2lcohol 1s a far leass effective de~loing agent

than liquid elecohol, = time poriod of 2 mimites belng required
to restore 90 percent of the oruising alr flow rato in both
cases, A quantity of 0,98 pound of vaporized isopropyl alcohol
was required to produse 90-porcent alr-flow recovery with ine
Jection of froe water contimiing through the test and 1.20
~pounds to produce the samo recovery when tho water wns shut
off, This ocsn bo contrasted vith eavermrge values of 0436
pound and Osl41l pound of liquid isopropyl slcohol required to
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roduce 90~percent ain-flow recovery under the same conditionss
rate of flow of wrporized alcohol wne directly proportional
to the rate of air flows Thus, in figure 26 1t oan be seen
that the rato of alcohol flow in ono test ranged from 20 pounds
per hour at the start of the de-icing period to Y0 pounds per
hour at the end, In tho other test the nlcohol-flow ratc was
somew:at higher,

. 'The evopor~ntion of the do-icing fluid tonded to roduco
the ocarburetor-nir temperature, but beccuse the alcohol was
introdnced into the ilntake duoct upstroem from the pressure-
buld thermonotor wuhich thormostatically regulated the flow of
hoctod alr into the intake duct, 2ont wnes added to tke alr to
maintain tho set temperaturc, is heat input asslatod some-
vihat in the removel of the ice formntions, making the perform-
ence of tke alcohol vrpor a.pear somcwlhirt better than otherwlse
would have beon possible, .

Anti-lcing effectivoness of de-icing fluidse -~ The toests
of serlos K weroe perforued to detormlne the offectivenoss of
iaopropyl alcohol end 8Solox D-I in preventing tke formation
of l1ce. The do-icing flulds wore injected into the cerburotor
through the stonderd Bolley vent ring at verious ratcs of flow
and were turnod on wlth tho wanter spyrey at the beglnning of
each tests Tho tosts wore made at crulsing alr-flow rate of
4000 pounds per hour-and at the usual 40® ¥ carburetor-air
tomporatures

It was found in the rosults of those tests (fig. 27)
that, with Solox D-I, a de-icing fluid flow rato of at lenst
50 to 60 pounds per hour was required in order to prevont
tho formation of ice. Isopropyl alcolwol provod suporior as
an anti-icing egent, en alcohol-flow rate of 30 pounds por
hour holding tho air flow clmost constnntly to its initlal
rates The greater offectivenoss of isopropyl was attributed
to 1ts lowor veopor pressure and letont heat of vaporization,
which wore polnted out as the causes for ite siporiority over
Solox D~I in proventing the occurrence of ro-icing at low
rntos of do-icing fluld flow in tho do-lcing tests. Tho ice
formations which occurred during tlie antl-icing tests wore
glmilar to tho formations referrod to as re-icing., MEarich-
nont of tho mixture, charncterlistic of all runs during walch
lce forned, wrs camsod by ice forming in the venturl throats
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Removal of impact igings - Removal of impact-ico formo~-
tions from the inductlon system by thé introduction of do-icling
flulds into tho corburetor through verious injection devices
was investigated in several tests under series L, Tho usual
procodure of forming ice was followod, except thet the carbu~
rotor-alr teaporaturo was hold at 25° F instoad of at LO° ¥,
Tho impact 1lce which resulted formod ovor tho throttle and
bridged across the carburetor venturis.

The rosults of those tests, shown in figure 28, indicatod
taat, with Solox D-I injectoed inte tho carburetor at o flow
rato of 80 pounds per hour, the modifiod Holloy ring, owing
to its better dlstribution charactoristica, wvas consldorably
superior to tho standard Holley ring in ramoving impect ico.
Tho initial air-flow rate and ojernrdlo fuel-air ratio wore
not recovereld under those conditions with the standard Holloy
ring, This wes attridbutod to poor dlstribution of do-icing
fluid vhich appoearod espoclally criticel undor lapact-icing
conditions,

In ono tost of this group, hootod alr (tomp. raised
from 25° to 85° ¥) was substituted for alcotol =8 tho do-
icing agenty The rosult was e slizhtly norc repid rerovel
of the iupact-ico formation than with de-lcing fluld injoctcd
at o rate of 80 pounds por hour through t:o nodifiod Holloy
vent rlng, 90 porcont of the initierl cruleing flow r~te being
rostored in a poriod of 48 soconds. It was found in on: test
nade with Amy nozzles using 1sopropyl aleoliol injcctod At =~
flow rate of 4O pounds por hour (20 1b/sq in. pross,) thet
tho impact-ice formation was rcnovod alnost as rapidly as
with an 80-pound~-por-hour flow rate of Solox D-I injectod
into the carburetor thirough the modified Holley vent riag.

It is plasiinod to conduct additional tests on tho ro-
noval of irpact 1ico from lndunction sytens in order to invos-
tigate de-lcing at lower carburotor-alr temporatures and to
roproduce the formation of smow 1a tie induction systoms,

In those teosts 1t 1s expocted that o widor range of variesbles
will be investigated than was possiblo in the present brief
series,

Arount of fluld requirod for de-icinge ~ In analyzing
the results of the de-lcing tests, table II and several
cherte (figss 29 to 32) wero prepared to determinc tho amount
of fluld required to restore the initisl ratc of elr flow
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under various test conditionse Thosoc datn showed that tho
anount of fluld required is a function of tho rate of alr flow
thet rmust be rostoreds On tho basis of two impact-icing tests
nado at 25° oarburetor alr tempereture (rune 67 and 70) in
which alnost completc recovery of eilr-flow rato and fuel-alr
ratio were attained, it appears that tho recovery time 1s sonme
inverse function of tho carburctor-~alr temperature. It was
found that the anmount of de-=lcing fluld roquired was substan—
tinlly independont of tho rate of injJection for any given
nethod at de-lcing fluld flow retos of 30 to 80 pounds por
hour, although re-icing mny occur nt the lower flowse

In order to restore 90 porcont of tho crulsing air-flow
rato under the usunl teost condltions with wator continulng to
flow through tho indnction syston during the de-iclng process,
an average of about one-helf pound of alcohol was re~uireds
It appears doslrcble to conduct ecdlitional teosts to dotormine
nore thoroughly the anount of elcolhol required to rostere
inltlel power at varlous sir touporrturos and alr-flow rrtos.
Tho nothod and rato of de-lcinz fluld injootion appenrs to be
of loportrnco in recovery of fuelerir ratio. In tho mejority
of the tests (sories B to ¥) recovory of oporablc fuel-air
ratio required 1% to 2k tincs that required for nir-flow ro-
COVOTIY.

Corrosive effoct of do-locing fluids. - As a rosult of the
clogeing of tho saall orifices of the st~nderd Army nozzlos
by deposits obasorved during sono of tho de-icing tests, a
brief laboratory study was mnde to determinc tho possible
corroslve offect of vnarlous do-lcing fluids on certaln netoles.
In these tests strips of polishod brnss, copper, and 17S-T
eluninun 2lloy wore suspondoed in thc do-lcing fluids which
verc containod in tost tubes, Tho wnrious tost spocinens ro-
nained partielly immersed in tho flulde for a period of about
3 wooks. Nono of the flulds oxocopt S¢De30 was found to have
any corrosivo effeocts on olthor coppor or brass. This fluigd,
whlch does not ocontaln a corrosion inhibitor, ceused blackening
of tho copper specimon and iridosconco of tho brass spocinon
aftor a period of 2 or 3 days'! imorsion. All of the flulds
axcopt Solox D-I had a slight corrosivo offcet on aluninunm
alloy in tho prosence of coppore




Hoat Do-Icing Tests

. Two groupe of tosts (sories M and ¥) werc mede to inves-
tligeto the uso of -heated alr for the rouoval of refrigoration
ice from tho induction system, The icing conditions of these
tosts were similar to thoso of nost of tho alcohol do-icing
tests, with the throttlo hold fixed at the orulsing alr flow
rate and the carburotor-alr temperature set at 4C° ¥, In the
first group of tosts the water sprey was turnod off et tho
stert of tho do-icing period, whlle in tho second group of
teste the water spray was left on tlhroughout the testss The
results of tho tosts aroc shown in figures 33 and 3.

Study of tho data indlontod that quantitative concluslons
fron the rosults of those tosis were not warranted becamso of
unforeasoen difficulitles experlencod in controlling the tempora~
ture and hunidity of the carburotor nlre. Tho tost setup elso
falled to simulate adeguntoly en nctual alrcrnft installatlion.

In intorproting these data 1t should bo noted that tho
hoated alr teuporatures varlod consldorably from the lnltial
valuos during the perlod wren the nnojor portion of tho do-
icing was occurringe Thoso tamporaturo variations wore at-
tributod to the inherant lag of tho epparatus and instruaents,
end also to the large proportion of tlhie heat whlci was used
in ovaporating water prosont in the alr rather tlion iIn roising
the =ir tempersture. An indication of tho temporaturoc loss
due to water evnporation noy be seen in figuro 35, a record
teken during one of the tests of carburetor alr temporature
cnd the temporpturo in a dry portlion of the intake duct up~
strean from the point of water injoction,

Daring some of tho heat do-icing tests mado at the highor
rangos of tcaporature, 95° to 140° ¥, the fuel-alr ratio be-
cano slightly enrichod, This onrichment resultod from tho
fact that in belnz heated the donsity of the eslr was decroamsed
and full recovery of mass alr flow was preventod becauso tho
carburotor was only partially compensatod for tauperaturo
changes.

Tho tests denonstreted the fact thnt heated alr carry-
ing sufficient heat as temperaturo rise, or tenperaturo riso
plus additionnl hunidity, can bo fully as effective 1a re-
gstoring. fuel=-elr ratio -and alr flow ss any of the de-icing
fluld aystems testod. VWhon frec welbler was rllowed to flow
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into the inductlon system during the heatod--air de-lcing tests,
the availnble tamperature risc wes mmuch lower. It was found,
however, thet effective de-lcing wns acconplished in spito of
the free water present and the linmited temperature rise,” pro-
vided enough heat wns supplied to ralse the cerburetor-air
tomperature above the limits of icing (80° F) for the induction
systen. (See curve of liniting lcing conditions, reforence ls)

CONCLUBIOES

Because of the differences la icing characteristics of
various types of onglae inductlon systons, the following con-
c¢lusions are consldercd direeil:y applicable only to the in-
dnotion syeten tested and for the temeraturee of these
tests. Much of the data contained in this report, however,
aro expected to be of generrl wvaluoe

1, A do-icing fluid flow rete of at lemst €0 pounds
per hour of elither Solox D-I or lsopropyl alcohol injucted
into the carburctor dy elther the atandard or the nodified
Holley alcohol vent ring vms required to attaln ropid re-
covery of crulsing elr flow aftor the eir flow was reduced’
,by B0 percent bocouse of -the formntion of ice in the induc
tion systone The ting to rocovor coporeble fuel-air rotio
(0,065 at cruising air flow) wos in gereral 13 to 2% times
that nocesanry for the rosteration of G0-percent initial eir.
flow rate. BRooovery of fuel-alr rntio was eomowhat longor
wlth isopropyl =alcohol,

2+ The results indicated thnt no improvenent in de- -
lcing offoctiveness wes grinoed by stopping the ingostion of
free wator lato the industlon systen et the start of the do-
icing vrocess, btut the poesibility of re-icing was apparent-
ly ellrninatods, . '

3» It was observed that nan cffective do-icing fluid in-
Joection device skould distribute the fluld in the induction
systen so that ell parte of tho reglon wherc ice has formed,
including the throttle and other carburetor surfaces, are
couplotely washed by the fluld 1a order to olinminate the ice
and to prevent re-icing.

4, De-icing fluld should de inJ‘ected as closely upstrean
as poeelble to tho region to be dewiced in ordeor to reoduce
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fluld evaporation and dilution by water on the wells of the in-
duction systen and in the air stroans To comply with this re-
quironent, supplenentary systems nay be needod for parts of

the induction system other than the carburetor,

Be It wes concluded fron a fow exploratory tosts thot
manipulation of tho carburetor throttles during the first fow
seconds of fluld de-~icing spprrontly resulted in nore rapid
elialnation of large ice formatlons fron the inductlon systenm
than would be possible with the tkrottle held fixed.

6. Theo anount of dewicing fluid required to restore
initlal alr flow and aperablo fuel-elr ratio increased with
increesc 1n the rate of air flow thet rmet bo recovered and
w8 probably sone inverse function of carburetor-alr tempera-
turoe For e glven method of fluld Injection the mncurt of
do-lcling fluld required to attrin rocovery of the alr flow
was substantinlly indepondent of the rate of do-icing fluld
flow in tho flow renge of 30 to 80 pounde.por hour,

7+ The standard Holley alcohol vont ring, because of
poor de~lcing fluld dletritution at inJection rates of less
than 50 pounds por hour of Solox D-I, pernittod conslderable
re-icings BRe-lcing was noticoably roducod by substituting
lsopropyl alcohol for Solox D-I. The use of tho nodified -
Holloy vent ring or tho ptanderd Amy nozzlos, injoction de-
vicos wrich hnve botter distribution charnctoristics, sppor-
antly ellminatod re-lcings

8. In ordor to provont tho formntion of soriocus rofri:-
eration ico with free wator flowinz tirougl tho carburetor -t
o rate of 250 grems per nimite, 1t vas nocessary to 1njoect
Solox D-I et a rate of 50 pounds por hour or isnpropyl alcohol
et a rate of 30 pounds per hour into the induction systens
Theso drta indicnted the supariority of iscpropyl nlcolol
over Solox D-I as an anti-icing sgonte The elinination of
ro-icing by the uso of tho modificd Holloy ring and tho stand-
ard Army nozzlos indic~tod thnt thoso devicos would hevo
bettor antl-icing quelity than tho standard Holley ring,

9. Wwn usod with isopropyl nlcohol, the standard Arny
nozzles wero suporior in de-lclng offectlvenoss to othor
fluid conbinations at do-icing fluld flow ratcs of 30 to 4O °
pounds per hour, initial alr flow belns rostoroed more rapldly
and operable fuol-alr rajlo bolng rcstored in poriods no longor
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than those attained with the other fluld.systems. At higher -
fluid flow rates the standard Army nozrles with lsopropyl
alcchol were equal in de-lcing effectivensas to other fluid

systens, .

10. It wvas fourd that a de-licing fluid, to be most -effective,
should bhave a low vapor pressure, a low latent heat of vaporiza-
tion, and a large freezing point depression. Iscpropyl alcohol

proved superior to Solox D-I in reducing the ocowrrence of re-iciyg

and vas a better anti-icing agent becauss of its superiority in
the first two qualities,

1l. It wvas tentatively determined that 8,D.30 and e‘bl'vl
alcohol were roughly equivalent to Soclox D-I and iscopropyl
alcohol in eir flow recovery but wvere inferior in restoring
operable fuel-air ratio. Qn the basis of a single test, Shellanel
appeared slightly superior to the other fluids, :

12, All of the de-icing fluids tested except Solox DeI’
showved a slight coxrosive effect on aluminum alloy. The 8.D.30
fluid, vhich does not contein a corrosion inhibitor, also had e
alight corrosive effeot cn dress and copper.

15. Becauss of unforeseen diffioculties experienced with the
equipment, it was not possible to draw gquantitative conclusions
from the heat de-lolng teste., The data indicated, however, that
heated air properly applled was fully as offeotive in restoring
air flow and opereblé fuel-air ratic as any of the fiuid de-
ioing systems tested,

14, It was found that heated air in the presense of free
water provided effective restoration of air flow and op'm‘bla
fuel-air ratio if enough heat was imparted to the satureted air
to raise the temperature above the temperature limit of lcing
for the induction system (80° F).

KNetional Buresu of Standards,
Washington, D, C.

REFERENCE
1. Kimball, Leo B.t Icing Tests of Aircraft-Engine Induction
Systems, NACA ARR, Jan, 1945,
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TABLE II.— AMOUNT OF ALCOHOL REQUIRED T0 RESTORE 90 PEROENT OF INITIAL AIR TLOI
UNDER VARIOUS TEST CONDITIONS

Alcobol

Air De—-icing Recovered Water Av. amount of
Series injectidtn temp. fluid alr flow injection alcohol used
devicer (0° F) (1v/nr) rate (1)
(ce/min)
A HR. 40 Solox D-I 6300 2350 1.3
B H.R, 40 Solox D-I 3600 250 .50
BE.R, 40 Isopropyl 3600 250 «6b
c . H.R, 40 Solox D-I 3600 0 <44
D X.A.N, 40 Solox D-I 3600 250 1.2
A.X. 40 Solox D-I 3600 250 «53
A X.B, 40 Isopropyl 3600 250 4.8
B N.A N, 40 Isopropyl 3600 260 .59
AN, 40 Igopropyl 3600 250 «39
¥ M.H.R. 40 Solox D-I 3600 250 «62
H.R, 40 Solox D-I 450 250 .40
6 HR, 40 Solox D-I 1800 250 « 35
' H.R, 40 Solox D-I 3600 250 o4l
H.R, 40 Solox D-I 6300 250 .99
A.B. 40 §.D0.30 3600 250 .49
L 4A.X, 35 Isopropyl 3600 250 1.26
M.H.R., 36 Solox D-I 3600 260 1.33

1H,R., standard Holley vent ring; M.A,N., modified Army noxzsles; A.¥N.,
standard Army noszszles; A.N,E,, Army nozzles at scoop elbow; M.H.R,, modified
Bolley vent ring.




TABLE

I.- DE-ICING OF AN AIRCRAFT ENGINE INDUCTION SYSTEM BY MEANS OF DE-ICING FLUID AND BY KEATED AIR
HOLLEY GARBURETOR 1375-F WRIGHT 1820-G-200 INTERMEDIATE REAR SECTION
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~ O SR - [l - <o e [&] [l [=] Hd o L) l-'g 33 L‘lﬂ&g “ H g 4 MH | m (e - 4
flgurds 8,9) }
s;nu‘s (sftfoo 9670 | 250 )12.5 2000(.038|40 | ®50 | §olox D-Ij H.R. |10 - | 3 20 lo.75| 8 1.79 | .068]6950].061|20 |Slow fluctuating recovery;lean mixture,
2 | 40| 4000!{.07Q| 50| 14.0 | 2000|.045|40 | 250 | Solox D-I| H.R. |20 - | 3 | s0)|s6.0 | 28.23{3 ,069]6500].077|20 | 8low recovery never reaching full
emeTgency power.
3 40 | 4000 .070| 250 | 14.25 2000|.047| 40 350 | Solox D-I| H.R. |30 - 2 13] 1.5 1.5 .75 .080(7150|.068] 1.5 | Slow b;ixtuge recovery.
4 40 | 4000|.070( 250| 14.3 | 3000;.043| 40 250 | 8olox D-I H.R. [40 - 2 13p .8§ .7 .33 - |7160( - .5 [Ice formmtion came out Ain one chunk,
5 40 | 4050|.069| 250| 15.5 | 2000|.048| 40 250 | 8olox D-I{ H.R. |50 - 3 16§ 1.9 1.1 1.5 .065|68401.082| 6.0 |Moderate recovery.
3 40 | 4000].070| 350 18.5 || 2000|.043| 40 350 | Solox D-I| H.R. {60 - 2 14 4 - .4 - |7040].082{13 Very rapid recovery.
7 40 | 4000|.070( 250 | 17.3 |2000}.041| 40 250 | golox D-I| H.R. |70 - 2 131 1.3 .4 71.4 |.075(7080|.080( 3 Rapid recovery.
8 40 | 4000|.070| 250 | 17.75 2000(.037| 40 2350 | 8olox D-I| H.R. |80 - 3 181 1.2 .5 (1.6 |.084(7140].085|10 Rapid recovery.
9 40 | 4080|.069 | 350 15.051 2000|.037| 40 250 | Bolox D-I| H.R. |90 - 2 16) 1.0 .6t 1.5 |.079{7150].082|10 Rapid recovery.
11 40 | 4000|.071| 350 | 15 2000 .045| 40 250 - - 0 - 2 ey - z - - - - - Continued icing until flow dropped to
rero. :
4-4 ) 40| 4000(.070| 250 15 2000 | .040[ 40 250 [ 8olox D-I| H.R. |40 - 3 20 3.2 1.6 | 2.2 | .087|7600|.078(17.45 LuEe chunk of ice remaining on nozzle
delayed recovery.
Berles B |(See f/gures /Q,4,12)
12 | 40| 4050|.071| 350 16.5 |=2000].033/40 | 250 | golox D-I| H.R. |10 - 11 23[14.5 |17 2.33 | .039|3800|.067|17 Ve:v slow recovery of alr flow and
mixture.
13 40 | 3940(.072 | 250 | 15.5 §1980.038| 40 250 | Solox D-I| H.R. |20 - 1 21} 1.6 .3 50 | .056|3940|.087| 3.0 Rg-—ic{ng do:n :o 3600 1b/hr flow.
ce in venturl.
14 40 | 3980(.070| 250 | 16.75} 18960 40 350 | S8olox D-I| H.R. |30 - 1 30] 1.0 1.08] .50 { .060|3900|.003| 1.5 {Re-icing to 3000 1b/hr. Venturi ice.
15 40 | 3980(.073| 250 | 15.5 1960 |.049| 40 250 | Solox D-I| H.R. |40 - 1 23| .75 1.35] .50 .059(3980{.070| 1.66|Re-lcing to 3290 1b/hr. Adr flow.
16 40 | 3940(.071| 250 | 16.0 J1960| L . |40 250 { Solox D-I} H.R. {SO - 1 20 58 ) 1.0 .49 | .066|3940{.071| 2.5 |Slight re-icing.
17 40 | 3940;.071} 250 20.5 J1960| L |40 250 | Solox D-I| H.R. |60 - 1 14 58 .83] .58 | .058|3900(.068( 2.0 |No visible ice remained in induction
A Byatem.
18 40 | 4020(.070| 250 18.0 }1960|.056; 40 250 | 8olox D-I| H R. |80 - 1 12 .25 .83] .33 | .048|3940|.069| 1.43{No visible 1ice remaining in induction
gyatem.
13-4 | 40 | 3950[.070| 250 | 24 3000 {.041]140 250 | Isopropyl| H.R. |20 - 1 32] 4.2 g.8 | 1.4 056{3850(.062| 4.5 [Blow recovery, re-icing to
3300 lb/br air flow.
14-4 t 40 | 4000}.067 | 250 | 21.5 |2000{.048]|40 350 | Isopropyl| H.R. (30 - 1 32| 2.0 7 1.0 .054(3950(.065(14 Slow recovery, slight re-icing.
15-A | 40 | 4000{.0701{ 2350 | 19.0 J2000| L |40 250 | Isopropyl| H.R. (40 - 1 13 .7 5 .47 | .045|3950|.063] 2.2 [8light re-icing.
16-A | 40 | 4000|.070 | 250 | 14.5 |2000| L |40 | 250 | Isopropyl| H.R. |50 -] 1 1| .5 53| .42 | .064|39701.070| 1.8 |Rapid recovery, slight re-icing.
17-A | 40 | 4000|.073 | 250 | 14.0 |2000 | L |40 250 | Isopropyl| H.R. (60 - 1 71 .3 1 3 .055(3920|.071) 4.0 Rapidlrecovery, ice remaining on
nozzle bar
Berles O [(See Figudes /3,/4) )
19 40 | 4000|.069 | 250 | 33 2000|.038! 40 0 - - 0 - 1 47 - - - - = - - Flow dropped off to zero.
30 40 | 40001(.069| 250 | 18.5 (1800 40 0 [ Solox D-I| H.R. |20 - 1 20 7 |[4 47 | .054|3900|.064(10 Large chunk remaining in adapter.
3l 40 | 4000(.070| 250 | 31 20001.037| 40 0 | Solox D-I| H.R. |30 - 1 14 9 2.2 45 | .052(3950|.088¢ 3.5 {Moderate but complete recovery. ’
23 40 | 4050].069| 250 | 14.5 [[2000| L |40 0 | Solox D-I| H.R. |40 - 1 10 8 1.6 53 | .051|4000(.068( 2.4 |Large diminishing chunk left in
adapter.
23 40 | 4050(.069] @50 | 15.56 [[2000| L |40 0 | solox D-I| H.R. |60 - 1 5 5 1.4 5 .055(4000|.069| 2.6 |Adapter cleared completely of ice.
24 40 | 40507.070 [ 350 | 15.5 |[2000 40 0 | solex D-I| H.R. |50 - 1 5 4 1.2 33 | .032|4000|.071| 3.5 |Adapter cleared of ?ce.
a5 40 | 4000|.070| 250 | 13.5 {2000 | .0401 40 0 | Solox D-I| H.R. |70 - 1 4 4 .6 47 | .062[4000{.070| 1.4 |Adapter cleared of ice.
26 40 | 4030|.072 | 350| 19 2000 50 0 | Solox D-I| H.R. {60 - 1 7 4 7 4 .05614080(.071| 4.0 |Complete Tecovery.
27 40 | 4100).0711 250 | 31.3 }2000| L 70 0 | Solox D-I| H.R. (60 - 1 5 4 8 .05714080|.072| 2.2 |Complete recovery.
Serles D | (Jee [Frgutes/5/s)
28 40 | 400Q,.065( @50 | 31 3000].035{ 40 350 | Bolox D-I|M.A.N.|20 - 1 23] 6.0 - 2.0 .057| 3850 .064}15 Slow recovery.
39 40 | 4000;.070( 250 16.5 {2000|.038{40 250 | Solox D-I|M.A.N.|40 - 1 18 .9 4.0 .6 .054(3980(.070)12 Moderate recovery.
30 40 | 4000|.070| 250 | 22.75(2000| L |40 250 | Solox D-I|M.A.N.|60 - 1 15 1.0 2.4 | 1.0 .056|3950|.070| 4 Moderate resovery.
31 40 | 4000|.071 | 350 | 20.25(20001.040]|40 250 t Solox D-I| A.N.f29 |- 10 1 e .9 1.7 .43 | .054]4030(.089(14 Moderate recovery, lce completely gone.
33 40 4000|.068 | 350 | 20.25( 3000 |.051| 40 250 | 8olox D-I AN 37 20 1 16 1.0 7.0 -63 | .052)3990(.067|14 Ice completely removed.
Series L | (3C¢|figures 17,/8,79{20)
33 40 | 4000(.070| 350| 29.5 §2000} L |40 250 | Isopropyl| M.A.N.[ 20 - 1 30) 1.7 - .57 | .05413880|.061)14 Slow incomplete recovery.
34 40 | 4000|.069| 250 23.3 {2000|.038| 40 250 | Isopropyl{M.A.N.[40 - 1 18 .9 |10 8 .054)3940|.065]12 Moderate recovery, ice left in adapter.
35 40 | 4000(.070| 250 23.3 §20001.038(40 250 | Isopropyl| ¥.A.N.[60 - 1 16 .8 2.0 .6 .C5913930|.069) 7 Moderate recovery, ice left in adapter,
36 40 | 4000|.071| 250 | 18.3 12000 L 40 250 | Isopropyl| A.N.E.| 27 10 1 23 18 - 6.6 .053(37001.057(20 Slow incomplete recovery.
37 40 | 4020|.070| 350 ( 17.6 §2000| L |40 250 | Taopropyl| A.N.E.| 36 20 1 20) 3.8 [11 2.98 | .054|3970(.071{18 Slow recovery. Ice left in adapter.
37-A | 40 4030(.070 | 250 | 38.5 | 3000 40 O | Isopropyl| A.N.E.| 44 20 1 15] 3.8 4.5 | 2.05 | .055(4000).065{14 8low recovery. Ice gone after 15 min.
38 40 | 4000|.069| 250 19.5 }20001.052(40 250 | Isopropyl| A.N.|30 10 1 10 .6 . .3 066[39001.071] 5 Rapid recovery. Ice left in adapter.
38-4 | 40 | 4C00|.070| 250 | 29.5 12000(.038(40 250 | Isopropyl| A.N.[31l.5| 10 1 22 3 1.0 16 - |3980(.064| 9 Rapid recovery. Ice in adapter. .
29 40 | 4020|.070| 250 | 15.0 J2000| L (40 250 | Isopropyl| A.N.[40.5] 20 1 10 .5 93 34 | .061[3980|.071( 5 Rapld recovery. Ice left in adapter.
39-A | 40 | 4000|.069| 250 | 22.5 12000 |.043|40 2350 | Isopropyl| A.N.[43 a0 1 100 1.1 2.3 79 057|3950.067| 2.4 |Slow recovery.
39-A'| 40, | 4000(.071| 350 | 28 2000}.03640 250 | Isopropyl A.N.|40.5] 30 1 20 .5 1.5 .34 | .083{3950(.069, B Rapid recover. Ice in adapter.
40 40 | 4000|.07Q| 250 | 16.5 J2000| L. |40 250 | Isopropyl] A.N.|62 40 1 10 .4 .6 .41 | ,049(3300|.070! 2.8 |Rapid recovery. Ice left in adapter.
41 40 | 4000).070} 250 ] 11.5 J2000! L 40 0 | Isopropyl A.%.|40.5] 20 1 7 .6 .9 .41 | .05713950({.070] 1 Rapid recovery, Ice left in adapter.
Series F | (See[figukes2, 22) . 1 T T -
42 40 | 4000|.070) 250 | 20 2000| L |40 2350 | Solox D-I|M.H.R.{30 - 1 104 1.4 1.8 .7 | .058[3950(.071! 5 Moderate recovery. No re-icing.
43 40| 4000{.070| 250| 15 3000 L |40 250 | Solox D-I(M. .| 8o 13 1 ? .2 4 .36 | .050/.3950(.067 .8 [Very rapid recovery. -
44 40| 4000|.070| 250 18.75[2000| L |40 250 | Solox D-1|K.H.R.|60 8 1 10 .6 .8 .6 .056}39501.068{ 1.0 Rugid Iecovery. Ho re-icing,

1L. mizxture lean beyond operating range; R,

2H.R., Holley ring), A.N., standard Army Air Forces nozzles; M.A.N., modified Army Alr Foroes nozzles; A.N.E. standard
M.H.R,, modified Holley ring; W.S8.¥., medium water spray nozzle.

mixture rich beyond operating range.
Army Air Forces mozzles at scoop elbow;
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Series O | (Sce|frgute 23)
45 40 510(.104 { 250 | 11.25 200|.240( 40 350 | Solox D-I H.R.|40 - 1 6 .3 R .20 | .137] 510}.116! 1 Mixture went rich. Rapid recovery.
45-4 | 40 510|.108 | 250 8.5 | 200|.330}| 40 250 { Solox D-1 H.R.| 60 - 1 5 .6 R .60 | .122] 450§.122 .6 [Mixture went rich. Rapid recovery,
46 40 | 2000|.069 | 350} 26 1000].088| 40 250 | Solox D-I H.R.| 40 - 1 16 .3 R .20 | .071{1930¢.073 .6 jThrottling ice, rich mixture, re-icing.
46-A | 40| 2000|.070| 850 39.5 |1000].082| 40 250 | Selox D-1| H.R.[60 - 1 10 .3 R .30 | .06812000{.069 .9 |Throttling ice, rich mixture, re-icing.
47 40| 4000|.069 | 250] 33.0 J2000(.037{ 40 2350 | Solox D-I H.R.|40 - 1 14 .8 J1.75] .53 ].067(3870|.069] 3 Re-icing to 3650 1b/br air flow.
47-A | 40| 4000[.071] 250| 20.2 |2000( L |40 250 | Solox D-I H.R.| 60 - 1 20 .3 3 .3 .057(39501{.069| . .9 [Rapid recovery, slight re-ioing.
48 40] 7170/.103 | 2350{ 7.5 ]3500| L |40 250 | Solox D-1 H.R.| 40 - 1 111 1.3 .95] .88 | .097{6770}.098!11 Ice remaining in adapter. -
48-A | 40| 7170|.102 | 250| 6 3500/ .080| 40 250 | 8olox D-1 H.R.| 60 - 1 11 1.1 .45] 1.1 .093{7060}.092| 7 8light ice formation in adapter.
geries H| (Seel|figule 24) —— ]
49 40 | 4000(.069 | 350 | 24.75{ 2000(.038( 40 250 | Solox D-1 H.R.| 60 - 3 104 1.0 .851 1.0 .073]7140|.073| 8 Rapld recpvery of air flow and F/A.
50 40 | 4000}.070| 250| 34.75(2000( L |40 250 | Solox D-I H.R.| 60 - 4 10 .1 921 1 - |4000{.069| 1.1 |Fluctuation of air flow after 90%
recovery. Slight re-icing.
51 40| 4000|.069 | 250} 20.0 2000 L |40 250 | 8olox D-I| H.R.|60 - 5 10f .3 |9 .3 ].03714420|.069| 1.0 |Throtile reopened to more open pomi-
tion. Slight re-licing.
52 40 | 4000].077] 250 20.0 §2000| L |40 250 | Solox D-I H.R.| 60 - 6 6 2.2 J1.5]2.2 .0683]70601.079| 5 Gradual Tecovery.
geries 1 [( See|figdre 25)
53 40 | 4000|.070| 250 36.5 §3000(.038{ 40 250 | Ethyl A.N.| 46 20 1 18 .8 |3.5 .61 | .05313970(.066]12 Moderate recovery. lce left in adapter.
54 40 | 4000|.070 | 250 29.0 {2000(.038) 40 250 | Ethyl A.N.|35 10 1 20§ 1.0 |€.0 .58 | .054]3950}.065| 7 Moderate recovery. Ice left in adapter.
55 40| 4000|.070| 250| 19.6 [|2000| L |40 250 18.D.30 A.N.|28 10 1 16§ 1.1 |4.0 .53 | .057}3980}.070(16 Moderate recovery. Ice in adapter.
56 40| 3950|.071 | 250| 29.75f 2000|.033| 40 250 | 8.D.30 A.N.J44 20 1 16 .6 12.2 .44 | .056|3240}.071(13 Complete recovery.
57 40 | 4000|.070} 250| 1'7.0 | 2100(.037| 40 250 | Shellmcol| A.N.|42 20 1 7 .4 J1.0 .28 | .055}8980{.069] 1.6 |Rapid recovery.
Series J | (See|frgdre 26)
58 40 4000|.070 | 350| 13.25) 2000 L |40 250 | Isopropyl|¥.S - 1 61 3.0 4.0 .98 | .047|3950{.065| 3.5 {Blow recovery of air flow and mixture
ice in adapter. !
59 | 40| 4000{.070| 250} 14.5 |2000| L {40 0 |1s0propy1{w.s.x 1 7] 2.2 |3.0] 1.20 .054|4000{.066] 5.0 |8low recovery. :
Series K | rSee| Frgdre |27)
80 3850|.052| 40 350 | Solox D-I H.R.| 10 - 1 30 Minimum air flow 2150 lb/Rr at 30 min.
Throttle frozen stuck.
81 4000|.071| 40 350 | Solox D-I H.R.| 20 - 1 14 Minimum air flow 2000 1b/hr, Throttle
stuck.
823 3950|.068{ 40 250 | Solox D-I H.R.| 30 - 1 30 Minimum alr flow 3000 lb/hr at 18 min.
63 4050|.070; 40 250 } Solox D-I H.R.| 40 - 1 30 Minimum air flow 3200 lb/hr at 26 minm.
64 4000(.068| 40 250 | Solox D-I| H.R.| 50 - 1 30 Minimus air flow 3870 1b/hr at 18 min.
66 4000(.070] 40 250 | Solox D-I| H.R.| 860 - 1 20 No icing.
68 4000|.071| 40 350 |Solox D-I| H.R.| 80 - 1 30 Fluctuations, no apparent icing.
6l-a 4000|.073| 40 250 | Isopropyl| H.R.[ 20 - 1 30 Minimum air flow 3400 1b/br at 30 min.
63-A 4000(.073] 40 250 |Isopropyl| H.R.{30 - 1 32 Minimum sir flow 3950 1b/hr at 20 min.
Series L |(See (froule 28) -
87 35| 4320|.067| 2350) 2.2512060|.136{35 250 | Imopropyl A.N.| 42 20 1 10 1.8 R 1.36 070}3880).070| 9 Mixture went rich on iclag.
68 25| 4330|.065| 350 1.752100{ R {25 350 | Bolox D-I{ H.R.|60 - 1 10 - R - - {2850].102| 9 Very incomplete recovery.
69 a5 | 4200|.067| 350 2.25{2060|.159|235 250 | Solox D-I| H.R.|80 - 1 0] - R - -~ 13740}.104| .8 [Very incomplete recovery.
70 25{ 4200|.070| 250 2.0 |2070{ R (35 250 | Solox D-I|M.H.R.|80 12 1 7f 1.0 R 1.33 | .075{4100{.074| 5§ Modsrate recovery.
n 35| 4000{.067) @50| 3.0 ] 2100|.193{85 250 - L= - - 1 5 .8 R - .077{39001.073| 1.1 |Rapid and complete recovery.
geries ¥ | (See |figute 33)
73 | 40| 4000|.070| 350| 21.5 }2000|.042|50 0 - - - -] 3f - - - - - 1- - |Alr flow fell off to zero.
73 40 | 4000|.070| 350| 11.5 | 2000(.043]60 0 - - - - 1 10§ 3.5 5.0 - .06413810}.065|10 Slow recovery, ice remaining in adapter.
74 | 40| 4000|.070 [ 250 15.0 }2000(.042{65 o - - - - {1 8] 1.3 |27} - .055/3800|.065| 3  |Slight re-iclng. Ice in sdapter.
% 40 | 4000|.070 | 250| 14.5 §3000(.039{ 70 0 - - - - 1 9{ 3.0 |4.0 - .061|3800}.065| 5 Ice remaining in adapter.
7% 40 | 4000|.070( 250] 13 2000(.041|80 0 - - - - 1 10 4 .7 - .057[3860{.063( 4 Luap of ice left in adapter.
77 40 | 4050|.069 | 250 17.25i 2000 L |95 V] - - - - 1 10 .9 .8 - .0653850}.065 .9 |Moderate recovery.
78 40 | 4000|.063 | 350| 18 2000 L 110 o - - - - 1 6 .3 .5 - .0583810}.086 .6 [Rapid recovery.
9 40 | 4000|.071( 250| 14.5 | 2000| L [125 0 - - - - 1 5 .4 .5 - .058138001.072 .8 |Rapid recovery.
80 40 | 4000/.070] 250| 13 2000| L 140 4 - - - - 1 6 o4 .7 - .0493820}.069 .8 |Rapid recovery.
Series ¥ | (See| Frigire 34)
8l 40 | 4000(.070| 250 17 30Q0}.042| 50 250 - - - - 1 7]1.8) - - - - - - - {Continued icing until air flow dropped
to zero. )
a2 40 | 4000|.069 | 350( 19 2000(.040)60 350 - - - - 1 11.0] .6 |1.45| -~ .060(3930|.066| 1.5 |Re-icing to 3180 1b/hr air flow.
33 40 | 4000|.070| 350 15 3000|.040}65 250 - - - - 1 w0]1.8 ja.7 ]| ~ .059¢3900(.070| 4.0 |Slow but complete recovery.
84 40 | 4000|.070] 250} 19.75} 2000(.037| 70 250 - - - - 1 10 .7 J1.8 - .0591{3800|.068| 4 Complete recovury.
85 40 | 4000}.069 ) 350 | 12 3000y L 80 350 - - - - 1 [ 7 .94 - .05613880(.068| 1.1 |Complete recovery.
88 40 | 4000].070] 350 | 18.35 23000].056|95 a5 - - - - 1 8] .3 5| - .060)|3780(.07%| 1.2 |Rapid complete recovery.
31 _ Throttle left at original setting throughout de-icing. ’

3 - Throttle opened wide at start of de-ioi
3 - De-lcing fluid turned ony
throttle was opened wide
4 - De-icing fluid turned on;
5 - De-icing fluid turned on;
8 - De~icing fluid turned on;

throttle le

.throttle closed and reopsned to ocruising several times in first 10 ssc.
throttle completely olosed for first 10 sec. and then reopened to cruisi
throttle opened in successive steps at 5 sec. intervals from 23° to 379,

sition.
to 50°, and 50° to wide open.

ng.
ft at original settinog until air flow had recoversed to 3500 1b/hr; when air flow had recovered to 3500 1b/hr the

L2

‘R - Mixture went rioh.
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Figure 2.- Carburetor and air scoop showing observation win-
dow and Army nozzle locations.
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the intake duct during a heated air de-icing test,
Run No. 77.
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